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<5i)iDta # mmm * i 

H01L 33/00 H0 1L 33/00 C 

HOIS 3/18 HOIS 3/18 



«2*g$ W#E<OftS OL (± 7 fi) 



<2I)WBHM 
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(71) OKA 


000003263 










(22)tHKB 
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(71) BOA 
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(57) 

G a Nft£MA±ICG a N«^h # 9 h d ftgft 
U S h d feJI^tlMMBBJ^K: 

G a N#j|£&lB fc^ttGa M* 

I>3*\ |£^A0±ffitcaW£fi^Ky h<O^0g£ 
V* (SBS) P&» 0. 5nm^h£5 0nm, 0. 5n 
m^w^2 0 Onm, 1 crn^p £ 1 O^cnT* 




i 

B »r» I PtMf MiNillM 

i pun 



1 

mm i ) fi* k* hmtf&tm&mt lx 

(a) <b) ommtwxy f 

* m k* k^-v * 7* y * 

htoTtmmvtu (a) ®±®»cfc^6fi^ 

Fvh0>^0g£v^ffifip£:LT, 0. 5nm$h 
^50nm, 0. 5 nra^w^ 2 0 0 nra, 1 (>6 cm 
-2^p^iol3 C m-2, X-tb&ZtZtmttZGaN 

[ff##2] &£Jg (A) t&&M (B) SV> 
IC«fe*€8ate&*»#* 1 IS® COG a N&¥£tt# 

tzG a N*M^to^fc6fc<&T*&6ff 1 fiB®tf>G a 

tft##4] hlCJBV*&n*GaN*tm«: 
KyMMfcJft (A) {CffiV^ftSGaN* 

&£tFm (i) ©WHtt^ttfeWfei-BKMcfcy. « 
' (A) OJSJaB^®WJW7>^*-- , 77^*> 

(A) 0^±®lci3:^K^hi:L/T^bfc=fc0 

(i) (A) ±®<^®^&gft$i*s.fc-i>fc 
dSfiWfctttXfctK&fiJB (A) ±aBcK?M*R 

lli*«5J fo&E (A) , »K* K 

(b) o^^ikui^^co^ b, as, pa^si* 
n$ i at^^&^-r^G a N«tm^&M%»o 

T'&*!iS#3l 1 m.(0G a N^^ttSfc 1 ^. 
[£E0>f$KBfcf#fl] 
[0001] 

[mmtzmm) *m&> g a N#*m£;a 

[0002] 
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*>f*-K (LED) *^3nfc<D£«^£S#WS 

[0 0 0 3] GaN#$6ftt&^fc* r C : k SSte~W& 

tlZbOtbT* mm GSttE) ICInGaN(^ 
#PMZ%^tz*)<Dtf&i>. I nGaN£J§V>T2*# 

^K.t>tz^T®-fjmttMt*t>ir. m*xmm 
t#t>nxfc u . .rntf i n g a 

[0 0 0 4] InGaNiMW^B*©ft?Ky b&tt 
Bmt* InGaNa(W)ttR>CJ:oTJS*IC«t* 
*>0)T*i&6. fltek GaAs*0#*4T'tt, K? Mlft 

ot. ^^<D£®±lCrft£imi^H£0>&#fcG 

Zttmbfrtk^fc (Appl.Phys.Lett.69(1996)4096 
) . Z0)&*\:vhJ&fm*iJ-XMt« l^gEInG 

[0005] 

[m^mkL^tt^wm ±uv>&^ g & n 

frUftoTti*. b^U r^fl^Kv h«rMV>TGa 

[0 0 0 6] *«Wa»Ji, Ga 

J: um^G a N^«^^ 5:^1-6^ i:JC*)«). 
[0007] 

CD m*vvhmm*imz&zmtLTni+*G 

ti, GaN^Bf^^KfM (A) fc, 30^±® 

iC^LT^Sn^G a N*tm^e»«e&» h 
i:, rcMW-Ky h^Iibii^l^JiJc^^^G 
aN^tm^e>^i3^^ (B) i:$:W-re^ST'fe 
U, (A) fti:t^S^ (B) (7>«^^^<0M 



3 

*0&*h~vh(DTf&*:mv£U (A) <0-t® 

0. 5nm^h^50nm, 0. 5nmgwS2 00n 
m> 106 cm-2^ P ^10l3 C m-2 T'&ZZtZft 

[0008] (2) t&HiM (A) (B) 

[0009] (3) »K*HK ^WftftK-tTV^ 
^tifeGaN*tt»^&<ii6%i© , Cft6±E (OK* 

[00 10] (4) »KvMCffi^6>*ieGaN*tf 
WKvhtmfc^ £SE (A) KJ8n6*i*Ga 

(A) ^±B5^lW7>ff-77 

(A) a>JBJAcfi^K9h2:UTjUU 

fe^T-fe6_hiB (i) mi<DG a N&?m&mm 

(i) &«r (a) mo>mimz&it'2i£i>x5& 
&mm*:mz£tt<te&M (a) ±w:k*m» 

[0 0 11] (5) «fl» (A) , »KvK IMS 
' (B) <»$*>01&±0*><Dfa Bx As, P^Stf 
ftS 1 OJiOTt^^^t^G a N&*i*4fr*>fc*fc0> 
T'&6±ga (1) ia^OGaN^^^^W^. 

[00 1 2] 

MUB] ^^©GaN*«3«^«V^n6»-K 
vMt GaN3MJ»*»bft6»fi» Chl2 (1) Kfc 
tt<5 r£AB (A) J ) JilC GaN*tff4fe»Kv 
hkl/T/«a-ftfe 5 W>"C*6. fc£U ±ffi (4) 0 
fcfe»J. »K*MCflv*&ft*GaN*ttTO:Kv1* 
(A) KflV*e>ft*GaN*8*«: 

±IB (i) 0>K&lCfc6. Wl* ttfiS (A) ®35fiR 
ICJK^ (A) ±fe±lB8|v«fiBi:l/TJ«Rt6Ga 
[0 0 13] K* htm^-Xtmt^ #KGaN 

*«ffljcfev^T. jk«ej§ (a) ±tc htmr-fc* 



*S§S¥1 1-354 84 2 
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jfcB3i*6fctf>tC& (A) 0>J3±ffilC7>*-fr 

-77^^>h (a) <o^m(^mm^ 
ittatzm) zmz-ts. (a) 0B±m<o 

e»GaN^tm*^^sMi^ (A) ±KU i»Kyh 
£LT&&ti>. 

[0 0 14] JJB©«fce»JCGaN^ti?4*^ 
«:^^±tCGaN^m^e>^6fi^K7 h*&& 
£ e>lCG a N*l#B*&fc6«aW«*Kv h 

it. S : f*fctt3}5--n^)aAtCJ:-pTfi; : f'K9h»f , iCfi 

[ooi5] £©j»K* HMfcEwt, WWHcr 
«*a«fc«)K:jt. 

<H40>fi3-Ky htf>*££tt* ft?KvM* 

&^c&mm&i-#Kmftz-*JXT<&z>z£tf 
mmx-zbz. &m (a> ±wcfew*»Kv^ 

[001 6] 

[«^a&£#®] 01^ #&!Etf>GaN&$&ft3t 

m<DLED^m£bXmbX^i>. ^00>LEDI;L 
&S£1±(C. GaN^m^e>^6^S^«:fl^^ 

ttxm&mtx »kv h«^3 $:^t^#s &m 

&&Lfcfc0>T';fc$. ^2ttn^3>i5f^h0, ^4lt 
p^H>^^hST'«>y, Vx-rnt;GaN^*m^^ 

[0 0 17] HlC^tCfi^S^S (p!R n^D CO 
tSLb<D£ttiX^Z>o ttz. ft®vMX'\t. 

mm (-9-7 7>f7*$&£tio zm^xm. M2<o± 
mznftZ't* *omizm6%&ft*£^%M0M 

%&<Dwmm*£*&&KWRi;Xxi<\ 

[001 8] S*KyM*3S3ti, ^S^At, 



(4) 

5 

e>l*£TGaWM^^fc6WC&*. »Kvh 

[0 0 19] MHAfcttUBCDgflStt. BW* 

dt. m2£8S (HT'tip^) ®&AISB&ftt&& 
) ij, ISfijBA!:tSfilBB^9vKJBi:bT©fW«:* 

fcf. ±*u fcMAfcfcSJIBCD&^&B&ilU 

[0 0 2 0] &&MAisZXffi&MBO)ffi*D&*<DJ< 

[002 1] *«E0GaN*»3WW8v*&n«G 
aN^^fcti, *In X GayAlz N (O^X^ 
1, 0SYS1, O^Z^l, X+Y + Z=l) T'ifc£ 
$n*{t£W&flO?fc6. fcfrTfcGaN, InGa 
N, AlGaNfcttWHfcfc©fckT*tf&ft*. -fc 

} H ISfifBAfeJ:l«a)BBtAlGaNfcU S*K 
y h£GaN£*Si$fi£l£fc^ Uffl§A££lffi&M 
B£A1 X Ga(i- X ) NtU g^K? h&Aly Ga 
(l-Y) Ntt6M^ (fc£bO<X, 0£Y, Y<X 

[0 0 2 2] fi^K'Vb?:mt6GaN*WfCli, 

[0 0 2 3] Ztz. 1&E&MA+ »K*K 3KS1B0 
3t>01«U:©fc0Ktt, «ie>lCJBV*e>ft*GaN* 
ftWc $e>ic, B, As, P^Stftt6lRJ:0>^ 

[0 0 24] ±ta^ffl^|^T^fe«}:e>tC, ffibtft 
[0 0 2 5] fl*oft?Ky &/§0>JW 



1-354 842 

6 

©fiWtt<t^fc#lftt*i:» ^ne>tt^»C0. 5nmJS* 

^Ttt, ia^W^n^^ &Shli5 0nmOT. 
^wli2 0 0nmOT*W£l/K t£oT* 0. 5nm 
gh^50nm, 0. 5nm^wS200nm, imt 

[0 0 2 6] tefi)aA©±1fiCfiW6»Ky htf>#« 

6. ftgptt. g^h>Molo*^(^eJiSv^ 
T\ $m&3*£#&-rai:io6 cm-2RJ:i:1-6rh 

rtti>Ztimt^\ «ot, 106 cm-2^p^ 
1 0l3cm-2tf#*U*5Ht**. 
[0 0 2 7] gfi»A0±ffilC»Kv h£J&£*£K 

h) fc^sirta^fi^Ky Mcrav^nsGaN^ 

&&EA0)_i:W:7>^-b'-7 
7**>h£mS;!H±Stct±, J^E^A<D±®i:T^ 

WJgSnftV^ Will MOCVDi&CfcoT, Al 

G a NM&Jg±lCG aN©i^ h 

fenil MOCVD3£@rtT'AlGaNj^^*^U 

[0 0 2 8] 7>^-:77**>b£#;M*i:bT& 

^7U>^3-&*ri:lC«fc»J, H 2 tf**** 1 ^** 
[0029] 7>T-9—779*>h£bTm^ft& 

±|B©J:e)C. AlGaNlffilS±lCGaN8:ft*K'y 

Tli, xh^x^;i/e/^>*W^tlS. -fCDftt Si 
H4 , Si2 H6, ZtMZtlbOB&XX* CP2M 

[0 0 3 0] {@*tf)g*Ky b<D*£$. ^ fi^K 
H MOCVD. MBE^^We>tv6. 
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7 

[0031] GaNayestfJ^itefcfc 

<DZ'$Mi£<> mil t2^e>GaN#&i£&fi 
$tf6&KiHJ8£*lTV^ -9-77>T7, SiC 
^W^>n6. ^T?%, -9-7 7>f 70C®, Affi. 
6H-SiC®fc #tCC®^-77-f7S«^fiL, 
V\ *fern^«W>^®^ GaN#£&fc©&*£ 
gJ[^g^^K^^i5g^tSf-tt)©ZnO, MgO 
*A 1 MSfr/iv 77-%mVt-*J<»X'1b-DT*)& 

la±lC **fi^fc«1-*fcfc<&A?77-JIl 
bA^^nfc^O$:^&S«l^tTMV^T^6. 
! [0 0 3 2] 

mm *mm-&t* m^tis&ooLED&g 

KUCftfELfe. &LEDtNCfctt*£*KyM?f£3 
l£ ngAlGaN/gAi:, ^^MlC^ltM 

i&^T'tSffEE A_btO£5 L p S A 1 GaN^Bi:^e> 

[0033] \&m&i<^& 20 

lafcOTli-*:7 7>f7C®g«£;§V^. *1M0>-* 
^T-MHRl a&MOCVDigfirtCiafiU 
H&TT* 1 2 0 0TC£T'#&U -y— V^/X-j»f->y«: 
tfofc. *(D#^£5 0 0r£T*TtfAl|SOfti:LT 
hU^Wl^-OA (WTTMA) , NJ^ilU 
7>^-75:^U AlN^Vv77-Ml b&3 0 

[0 0 3 4] (nS3^^h^2^ 
1 lOOOTCKimU Ga|^UThU*^l/#Vtf 
A (TMG) , NBmtLT7>*-7s K-^>M£ 30 

[0035] ca^K^ hffltsmm 

®%Am&;&&m*iioox;£^ TMA, T 
MG, 7>=e-7, Kwt>bi^i:L/T^V«:^ 
U n§?A 1 G aNjfA&O. 5 fim&&Zi£tz. 
OMA±®O^®^;^ia«$:1 00 0 , Ci:U H 
2 'J7i:bTT-h5x*;^>5>fc0«&U 
JBAJiffilcioiWWWiS-ttfc. 

®t*K*M0»B#:TMG, 7>*-7£&&U 40 
GaN&^-Ky hd£J&£bk. KPKv htf> 
Wli6nm. (i|w(D^^i4 OnmT'feofe. ££u 
J^^A(Z)J:®lcm«>fi^K^h«>^^S#VA (ffi 

& VMH&mS&VOtfKy h<flR) Pit ^3 
XI 09 cm-2t'feofe. 

OTB<B«Jfc:J«fflM:l lOOTSfcU TMA, T 
MG. 7>^-7, Kwt^WKfteUTtfaS^D* 
y*y^-}\r?y%*/*jU (CP2Mg) £&&U p 
?gA 1 GaNJiBfcO. 5Mm^^, fifK'VhS 
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[0 0 3 6] {pm^yttbMAcofm 

1 000"CtU TMG, 7>^-7, £«fctfK-</t> 
MgCftfcLTCp2Mg$:m&U pgGaNH^^ 
Wg4fcl^m#£$ii:fc. 

[0037] [wmm^) &mzmm**>w)m 

U g&#H&* 8 0 0T3T-2 0^7--;tfM£t7 
ok. &&tC, pg3>** W14 0±lCpS@8i5& 

#U LEDilLfc. 
[003 8] iOLEDfe, To-1 8*x2>£lCV9 
>hU 2OmAT'0)tS®S!l^^ofei:r5, 10 

m<Z>G a N<D&^£fr oJft 8 0 m e Vjm&®^-f 

[0039] mwi 

H8tWllCfcW6»Kvh©ttfl[p 5:3X105 cm 
-2fcbferfcJSWH «WlfclWlCLEDfcfB8U 
fc. ^CDLEDtCoWC ^BgMli:N^C2 0inAT* 

<D7fr-isy MitS&Sftfctf* ftgtt 1 0 m c d T*& 
ok. 

[0040] ifc®$2 
£B£09 1 ICfcttSfi* Kv h<Z>&gp £ 3 X 1 0 H c m 
-2fcLfc-*UJ0Ut |Qfi«lfcB«»CLED«:fWL 
fc. rOLEDtCoV^ &S6091 fclSRSK 2 0 mAT- 

omcdT^u, m^LSAt^^i/yhtm<. a» 

(DGaNCD«m&i:^^T^o^ *ifc®®Jil 
BJC^mcT^A±lCfi^K^h ; S:mU 8H»K* 
hCD^^^7bfe^T*lA±ffi$:AFMT^bfe 

[004 1] it®093 
£6609 1 ££t?*&7- K* K0>i$3 h 0>¥i$£ 6 0 n m 
fcU ^wCW^^ 5 0 0 n m£ Lfc^fcJ^M** g& 

i tmmz 2 o mAT?<w«fe*tf»yaftiw>w 

tt7*;b-2/7h^<, ii^0GaN(D«^^i:llIb 

JBA±ifi€:AFMlHWLfcfci<5, R^ofc»Ky 
h|^±«^tUloK:-&{*:LTV>**i:A^tS3nfe. 
[004 2] m®4 
JfiRW3JCfc^ft7-K'y h^^S: 1 x 1 05 cm"2 
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lc#LTi»K* h(&m*^7Lfc#j&?0)EA±® 
£AFKra$SUfci:r5, B6ofcf»K? hPH± 

lOmcdt'^J, »MaSWtt^-^7h*»<, it 
flW>GaN©»)aS»^HCT?*ofe. 
[0043] 

K3VMAM] #«^CDG a N^W? ft, G a N# 10 
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[0 1 ] *8®<?>G a NM&WH3^ttW 

i 

2 n§!3:/**hJg 

3 ft?K?MRt 

4 p^u>**h^ 

A »Kvhmfi:ll^«GaN«MM 

d »Kvh«l€:«WW*«fl^«)fi?KyH 

B f»K*KWtettW*GaN*|»JS 

5 pM 

6 nS©@ 



& 




6 psrao 
i nsnas 



(72)«^# tg# fli (72)«^# «tv aki 

3 VU7-K«®*3-Z w 
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